Recent studies have reported the presence of inulin, a prebiotic polysaccharide, in gembili (Dioscorea esculenta). Sucrose:sucrose 1-fructosyltransferase (1-SST) is an enzyme that catalyzes the first step of inulin biosynthesis. The identification of this enzyme would be the foundation to improve the yield of inulin in gembili; to modify 1-SST gene for this purpose, its sequence must first be determined. This study aimed to design primers to isolate 1-SST gene from D. esculenta. The primers were designed by using the whole-genome sequence of Dioscorea rotundata due to the lack of genomic information on D. esculenta. Sequences from chromosome 6 and 11 were used as the template of primer design in which four pairs of primers were selected. Amplification products with expected size were gel-purified, then the targets were sequenced and analyzed in-silico. As a result, one of the primer pairs had successfully isolated vacuolar invertase gene, which is closely related to 1-SST gene. On the other hand, the other primer pairs showed either negative or false-positive result. Using the current strategy, 1-SST gene sequence from D. esculenta has not been successfully isolated, thus other approaches in primer design should be considered in further studies.
Introduction
The tuber of a local Indonesian plant called gembili (Dioscorea esculenta) has been found to contain inulin up to 14.77% dry weight [1] ; this, and the fact that inulin is high in demand, encouraged Indonesian scientists to conduct further studies. Inulin is a type of fructan polysaccharide that is commonly found in dicot plants as their natural storage carbohydrates. Its main feature is its indigestibility in human enzymatic digestion system which makes it a good candidate for a prebiotic agent. Aside from its prebiotic function, inulin can also be used as a carbohydrate-based fat substitute which is used IC-BIOLIS to increase viscosity, water-holding capacity, mouthfeel, and texture as well as promote gel formation in food products [2] . It could also be used to replace sugar to lower caloric value in chocolates, dairy products, and meat products [3] According to Inkwood Research (2017), the global market for inulin is projected to increase with CAGR of 9.5% from 2018 to 2026. Asia-Pacific is believed to be the fastest-growing region for the market and Indonesia is one of the countries that demand a high amount of inulin to expand its food and non-alcoholic beverages market for the next five years. Indonesia has always imported its inulin supply. Therefore, studies about inulin production in gembili are conducted in Indonesia in the hope of producing inulin on its own. Due to its many functions, the demand for inulin is high. Usually, inulin is extracted from chicory roots (Chicorium intybus) which is easily available in some countries, except Indonesia. Its biosynthesis has also been studied using chicory roots as the model plant. Two main fructosyltransferase enzymes are responsible for the biosynthesis:
sucrose:sucrose 1-fructosyltransferase (1-SST) and fructan:fructan 1-fructosyltransferase (1-FFT) with sucrose as the precursor [4] . The role of these fructosyltransferase is to transfer fructosyl units from one sucrose molecule to another, resulting in fructose polymer. These enzymes contain glycoside hydrolase 32 protein family along with several other enzymes such as invertase and inulinase [5] . 1-SST enzyme catalyzes the first reaction in which two sucrose molecules are converted into trisaccharide 1-kestose.
1-FFT enzyme then catalyzes the transfer of fructosyl onto the 1-kestose from another 1-kestose, other fructans, or a sucrose molecule depending on the plant species ( [6] ; [4] Since the information of its biosynthesis is available, the production of inulin in gembili can be manipulated by using genetic modification. However, genetic information of the enzymes in gembili is needed in order to do that. Furthermore, the gembili plant itself is not well studied; there are no whole genome sequence available for this species which is needed to design a specific primer. Thus far, there are two whole genome sequences of the Dioscorea genus; the Dioscorea rotundata and Dioscorea alata. Though the whole genome sequence of Dioscorea rotundata has the highest assembly level, there are still no annotations and gaps still exist. With this in mind, potential candidates of 1-SST in Dioscorea is needed to be found in-silico. Therefore, this study aims to design primers to isolate 1-SST gene from Dioscorea esculenta using Dioscorea rotundata genomic sequence as the template. 
Methods

Sample preparation
Gembili tubers (D. esculenta) was bought from a traditional market in Malang, East Java. They were cultivated until roots, branches, and leaves were produced. Leaves and branches were ground into a fine powder using liquid nitrogen and PVPP. The DNA sample was then extracted using Genomic DNA Mini Kit (Plant) (Geneaid, Taipei, Taiwan).
The species of the tubers was confirmed by isolating the DNA barcoding sequence (MaturaseK) which was analyzed in-silico before proceeding to further procedure.
Primer Design
Since the genomic information of D. esculenta is not available, genomic data of D.
rotundata was chosen as the template of primer design due to the fact that they are closely related. However, the whole genome was not annotated yet thus it was not possible to find 1-SST gene directly. Further procedure was needed to predict the location of 1-SST gene within the whole genome sequence of D. rotundata.
Several 1-SST sequences from eight different plant species (Figure 1 ) were aligned using MUSCLE in UGene workbench to find the conserved region among them. The resulting sequence alignment was used as an input for Hidden Markov Model (HMM) to build an HMM3 profile using UGene workbench. The HMM3 profile was then searched against the whole genome information of Dioscorea rotundata using nhmmer command in terminal (``HMMER,'' n.d.) [17] . Using Conserved Domains (NCBI), the candidate sequences were analyzed for the presence of conserved protein domains inside.
Primers were designed using PrimeQuest Tool (Integrated DNA Technologies). The recommended primers were tested against genomic data of D. rotundata. PCR condition for this study are shown in Table 1 and Table 2 , respectively. After the isolates were amplified, they were visualized using agarose gel electrophoresis at 100V
1-SST gene isolation
for 60 minutes using 1.5% (w/v) agarose gel (Lonza, Basel, Switzerland) dissolved in 1x TAE buffer. The resulting gel was visualized using GeneSys transilluminator. Table 1 : PCR mix composition for isolation of genes. After they were amplified, visualized, and size-confirmed, the PCR products were purified and inserted into pGEM-T Easy Vector (Promega, USA) using DNA ligase. The vector was then transformed into competent Escherichia coli and plated onto LB agar.
Colony confirmation was done by using blue-white screening and PCR using insertspecific primers. Once confirmed, plasmids were extracted from the colony to be sent for sequencing.
Insertion and Transformation
Ratio of 5:1 insert:vector was used during the ligation of insert to the pGEM-T Easy vector.
The inserted vector was then transformed into competent DH5A E. coli by heat shock method in order to produce cells containing targeted insert. After the transformation, confirmation using colony PCR was done by using insert-specific primers. Colony PCR was done by picking a single colony, submerging the colony into the PCR master mix, and attempting PCR using the optimum condition. The result of PCR was then visualized by agarose gel electrophoresis. The colony that had been submerged into the PCR master mix was directly inoculated on to a fresh LB agar to conserve the confirmed colony.
1-SST gene confirmation
The resulting sequences were aligned to form consensus sequences and then analyzed using BLASTn (NCBI) against the NCBI database. Parameters such as query cover, Evalue, and identity percentage were taken into consideration in choosing the best hits in order to confirm the genes.
Results and Discussion
Primer choices
The result from HMM was able to find two candidates of 1-SST in Dioscorea ( Figure   2 ). By looking at the E-value, the best hits were in chromosome 11 (E-val: 4e-204) and chromosome 6 (E-val: 2.9e-144). Both sequences contain glycoside hydrolases family 32 domain, which is the main protein family of 1-SST and invertase. Thus, both of the sequences were used as a candidate 1-SST gene and used as the sequence template for primer design. Primer pairs with the best specificity and coverage were chosen for 1-SST gene isolation Table 3 .
Isolation of 1-SST gene using primers from chromosome 6
Since the PCR conditions for the primers were not optimized yet, the first trial of 1-SST Gene amplification with an annealing temperature of 54 C resulted in a very faint band with the size of approximately 1 kb from Gembili DNA sample using 6B primers (Figure 3) . However, amplification using 6A primers from Gembili DNA sample did not result in any band with the correct size (Figure 4) . Meanwhile, amplification of 1-SST gene from onion DNA sample did not result in any band with the correct size when using 6A primers (Figure 4) . In contrast, amplification using 6B primers from onion DNA Amplification using purified gel sample with 6B primers and annealing temperature set at 50 and 52 C resulted in distinct bands at 1 kb for both reactions (Figure 6) .
However, since the bands at the reaction with annealing temperatures at 50 C had a higher intensity and more distinctive, it was determined that the optimal annealing temperature for 6B primers is 50 C. Meanwhile, amplification using 6A primers did not result in any bands in both gembili and onion samples. This might be caused by the low specificity of the primer pair towards both samples. It could also be caused by the amplification condition that was not optimum yet.
The gel from amplification with an annealing temperature of 50 C containing the desired band was purified and used as the sample for amplification with 50 µl reaction volume. The amplification product was confirmed before it was cleaned up and inserted into pGEM-T Easy vector.
Isolation of 1-SST gene using primers from chromosome 11
Two-step annealing temperature conditions were used to isolate DNA fragments on the target amplicon size; this method utilizes the capability of the thermocycler machine by dividing the samples into three separate Zones namely Zone A, Zone B, and Zone C. Higher concentration of agarose (1.5%) were used to further separate the bands;
based on the considerations that there were multiple bands appearance below ∼1kb.
Amplicon size of around ∼1004 bp and ∼968 bp is expected from 11A and 11B primers respectively. The result indicates (Figure 7 Image A) that there were two visible bands close to the target amplicon size. To further separate the bands; the DNA were extracted and amplified under the same conditions; resulting in a more contrast band (Figure 7 Image B). Moreover, the bands close to ∼1kb (Green rectangle) were extracted and separated until pure. 
Insertion and transformation of 1-SST gene
Prior to insertion into the plasmid, the samples were confirmed using gel electrophoresis (Agarose 1%). Result suggests that some of the samples were not pure (Figure 9) ; however, due to time constraints, further purification could not be carried.
Unfortunately, this study was only able to obtain one plasmid sample for sequencing, pla11A. The rest of the samples, 11B and 6B, were sent in the form of PCR product since the bacteria did not grow in the LB Broth medium. Furthermore, the pcr11A PCR reaction sample were sequenced with 11A self-designed primers, while the pla11A plasmid were sequenced with M13-pUC universal primer provided by the sequencing vendor.
Prior to inoculation into LB Broth + Ampicillin, the bacteria were grown in LB Agar + Ampicillin with a noticeable slow growth. Normally, a blue-white screening with E. coli takes around 16-24 hours after inoculation (New England BioLabs, n.d.) [17] . However, in this case, some of the bacteria took more than one day to grow; which might be caused by non-optimal insert-vector ligation conditions [7] . With this in mind, the antibiotic in the agar have been degraded and exacerbated by enzymes released by resistant bacteria ( [8] ; [9] ) allowing the growth of satellite colony that does not contain the plasmid.
Therefore, the bacteria that was inoculated into the LB Broth + Ampicillin might be those from the satellite colony since they do not possess the antibiotic resistant gene. 
Sequencing results and analysis
The consensus of 6B sequence with the size of 1033 bp (Appendix 4) was generated from the forward and reverse sequences of the respective primers using UGENE workbench. The sequence was analyzed using BLAST (NCBI) and the result is shown below (Figure 10 ). The best hit was shown on a complete genome sequence of Steroidobacter denitrificans strain DSM 18526 with an E value of 6e-84 and query cover of 83%. The percent identity showed around 69%. Even though the percent identity is quite low, the query cover of the sequence against the whole genome sequence of the bacteria is the highest among all hits that mostly showed <50% query cover. This indicates that the alignment of the query sequence with the genome of Steroidobacter denitrificans was more specific than the others. Therefore, the isolated sequence belongs to Steroidobacter denitrificans. This is contradictory with the target of the primer which is 1-SST. Since amplification using 6B primer showed a false positive result, it could be concluded that both of the primers designed from chromosome 6 failed to isolate 1-SST gene.
The consensus of pla11A (Appendix 1) and pcr11A (Appendix 2) were generated from the forward and reverse sequences of the respective primers using UGENE workbench.
This consensus sequence was then used as an input for BLAST to determine the gene with closest similarity to the sequence. The BLAST result of pla11A suggests that the isolated sequence is 73.42% identical to beta-fructofuranosidase 1 (Figure 11 Image A) .
Further, the result from pcr11A reveals that the isolated sequence is 68.63% and 67.81%
identical to fructosyltransferase-like protein and 1-SST respectively (Figure 11 Image B). Figure 11 : BLAST result of self-designed 11A primer. Image A: pla11A plasmid with insert isolated using 11A primers sequenced using M13-pUC primers. Highest similarity to beta-fructofuranosidase 1 (Red rectangle). Image B: pcr11A DNA sample isolated and sequenced using 11A primers. Highest similarity to fructosyltransferase-like protein and 1-SST (Green rectangle).
Phylogenetic tree was constructed from the sequence of pla11A, Invertases, 1-SSTs of several different plant species as well as the top two results from the BLAST using PhyML Maximum Likelihood (Figure 12.) . The result suggests that pla11A are closely related to Vacuolar Invertase and 1-SST of Triticum aestivum as they belong to the same clade. Furthermore, it can be inferred that the pla11A is unlikely to be a cell wall Invertase as they are located in a distant clade. Interestingly, although pcr11A shows that the isolate sequence is indeed 1-SST (Figure   11, Image B) the result from pcr11A cannot be used as a conclusion as the consensus sequence is low in quality. On the other hand, beta-fructofuranosidase is also known as invertase [11] ; [4] . This enzyme has the capability to synthesize fructooligosaccharide which is a short-chain inulin. Some studies consider short-chain fructans as fructooligosaccharide (FOS) and long-chain fructans as inulin [11] . A small amount of 1kestose (simplest inulin) can be produced by vacuolar invertase at high sucrose [12] ; [13] ).
Looking at the phylogenetic tree (Figure 12 ) of pla11A, several 1-SSTs and Invertases; it is obvious that the isolated sequence is not a cell wall invertase as it is closely related to 1-SST and vacuolar invertase of Triticum aestivum. Therefore, it is not a surprise that the isolated sequence fragment was identified as beta-fructofuranosidase.
Moreover, based on sequence analysis it was postulated that 1-SST evolved from vacuolar invertase [13] ; [14] . Also, a study had successfully transformed wheat (Triticum aestivum) vacuolar invertase into 1-SST [10] ; the transformation involves the disruption of highly conserved WMNDPNG motif that is present in vacuolar invertase but not in 1-SST. With this in mind, it is possible to identify the 1-SST in Dioscorea esculenta by observing the presence of the motif. However, since this is a partial sequence obtained from genomic DNA, further study is needed to confirm the identity of the complete 11A sequence.
The consensus sequence of Sample 11B (Appendix 3) was obtained through the same method. The BLAST result of 11B consensus sequence (Figure 13) indicates that sequence isolated is similar to protein kinase with highest similarity of 82.91%. Protein
Kinase is a housekeeping gene and plays an important role in plant defense response towards pathogen [15] . With the fact that the template whole genome sequence from Disocorea rotundata has gaps and no annotations, it is difficult to design a very specific primer. Consequently, it is not a surprise that result shows a gene fragment from plantrelated gene. 
Conclusion
Gene amplification using 6B, 11A, and 11B primer pairs resulted in amplicons with expected size. However, sequence analysis of 6B and 11B amplicons resulted in false positive results. In-silico analysis of 11A sequence showed that the isolated sequence has a close identity with the target gene, 1-SST. New approach of primer design is needed to successfully isolate 1-SST gene from D. esculenta.
